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No definitive therapy exists to treat human metastatic tumors. We reported previously that 
down-regulation of Lin-7C is essential for metastasis of human squamous cell carcinomas (hSCCs). In this 
study, we investigated the chemical restoration of Lin-7C expression and demonstrated its effectiveness for 
suppressing the metastatic potential in human cancer cells. Ingenuity Pathway Analysis (IPA) identified 
candidate chemical agents, i.e., apomorphine, caffeine, risperidone, quetiapine, and mirtazapine. Among 
them, mirtazapine, an antagonist of HTR2C, an upstream molecule of Lin-7C, caused substantial 
up-regulation of the Lin-7C/p-catenin pathway in a metastatic hSCC cell line and human melanoma- derived 
cell line in vitro, and up-regulation did not contribute to cellular proliferation. Moreover, the antimetastatic 
effect of mirtazapine in these metastatic cell lines in vivo also was evident in multiple organs of 
immunodeficient mice with no marked side effects. The current data offer novel information for further 
study of antimetastatic activity in association with enhanced Lin-7C/p-catenin pathway activation with 
mirtazapine. 



Despite accumulating evidence in clinical investigations, a certain proportion of patients who undergo 
chemotherapy to treat malignant tumors develop metastasis with a possible poor prognosis. Cancer cells 
may acquire the ability to metastasize in response to multiple molecular events. The metastatic process 
itself could partly represent cell-cell interactions; therefore, identification of their specific molecular markers for 
cancer metastasis is critical. Of them, the loss of cell- cell adhesion via the cadherin-catenin complex in squamous 
cell carcinoma (SCC) cells results from this irreversible modification. Aberrant expression of P-catenin 
(CTNNBl), an essential component of cadherin-based adherent junctions, is among the most important molecu- 
lar event that contributes to metastasis^ In melanoma, while accumulation of nuclear translocation of P-catenin 
promotes oncogenic activity^, its down-regulation is associated with metastasis in vivo^. In addition, high phos- 
phorylation of P-catenin in nuclei with overexpression of Dickkpf-1 is correlated with tumoral invasiveness and 
lymph node metastasis in human SCC (hSCC)^. Moreover, we previously reported that Lin-7C (also known as 
VELI3 or MALS-3) is required to suppress the metastatic potential of hSCC cells through P-catenin signaling^. P- 
catenin, whose function is cellular adhesion through the Wnt signaling pathway^, is down- regulated in the 
metastatic lesions of hSCC^ with decreased expression of E-cadherin, which is associated with specific stages 
of tumoral differentiation^. This evidence suggested the hypothesis that Lin-7C expression in metastatic cancer 
cells is part of the P-catenin signaling pathway that regulates P-catenin and that metastatic suppression can be 
achieved when a specific chemical agent for Lin-7C is used. 

In the current study, we describe the novel efficacy of mirtazapine, which shows that the drug suppresses 
metastasis by activation of the Lin-7C/ P-catenin pathway in vitro and in vivo. 

Results 

IPA. IPA clearly showed that 5-hydroxytryptamine receptor 2C (HTR2C) can be linked to Lin-7C (Figure 1). 
Furthermore, five pharmaceutical reagents, i.e., apomorphine, caffeine, risperidone, quetiapine, and mirtazapine, 
were characterized as ligands for HTR2C (Figure 1), suggesting that they may affect Lin-7C expression. 
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Figure 1 | IP A of lii3-7C-related genes and their interactive nodes in hSCC cells relative to human normal oral keratinocytes cells. Each line and arrow 
between proteins represent known functional and physical interactions, with lines indicating direct relationships, i.e., the two molecules have 
physical contact. (Rx: HTR2C agonist and antagonists). 



Selection of reagents affecting Lin-7C. Of the reagents identified by 
IP A, apomorphine, caffeine, and risperidone showed no marked 
increased sensitivity for Lin-7C mRNA expression in metastatic 
cell lines, SAS-Hl, compared with the mirtazapine- and quetiapine- 
treated cells (Figure 2a, c-f). The optimal concentrations of 
mirtazapine and quetiapine for high Lin-7C mRNA levels were 
10 jiM and 100 jiM, respectively. In addition, mirtazapine-treated 
SAS-Hl cells had a significantly elevated level (about a 4-fold 
increase) of Lin-7C mRNA compared with quetiapine-treated SAS- 
Hl cells (Figure 2a, f). Therefore, we adopted mirtazapine for further 
analyses. SAS cells showed no apparent effect of mirtazapine 
(Figure 2b). 

Lin-7C status in hSCCs and effects of mirtazapine on Lin-7C and 
CTNNBl expression. The expression levels of the three genes of 
interest {Lin-7Q calcium/calmodulin-dependent serine protein 
kinase [CASK], and CTNNBl) were unchanged (or the expression 
levels of Lin-7C and CASK were lower) in the SAS cells with or 
without mirtazapine (Figure 3a). In contrast, all three genes were 
highly expressed by SAS-Hl with mirtazapine compared to their 
counterparts (Figure 3b, c). In the mirtazapine-treated G-361 cells, 
while CASK expression was unexpectedly unchanged, significant up- 
regulation of Lin-7C and CTNNBl was detected (Figure 3c). 

Mirtazapine affected the HTR2C protein expression in SAS-Hl 
and SAS cells, but did not have an impact on G361 cells (Figure 4b, 
Supplementary Figure SI). However, significant up-regulation of the 
HTR2C-downstream molecules (Lin-7C/CASK/CTNNB1) was 
detected only in the highly metastatic cancer cells (SAS-Hl and G- 
361) when they were treated with mirtazapine (10 |iM) for 24 hours. 
In contrast, no Lin-7C up-regulation was detected in SAS cells 
(Figure 4b, Supplementary Figure 1). 



Prevention of metastatic potential by mirtazapine in vitro. To 

investigate the effects of mirtazapine on cellular proliferation, 
cellular growth was monitored for 7 days, and no difference was 
found between the cells treated or not treated with mirtazapine in 
all cell lines examined (Figure 5). We further investigated whether 
mirtazapine prevented cellular invasiveness/migration. To investi- 
gate the effects of mirtazapine on invasive behavior, we performed 
an invasiveness assay with the SAS-Hl and G-361 cell lines. After 
incubation in the medium with mirtazapine, both cell lines showed 
significantly (P < 0.05) reduced invasiveness (Figure 6a, b). Fur- 
thermore, mirtazapine enhanced reduction of cellular migration in 
both cell lines (Figure 6c, d). These results suggested that mirtazapine 
can significantly prevent metastatic potential in vitro. 

Prevention of metastatic potential by mirtazapine in vivo. To 

determine the metastasis-suppressing effect of mirtazapine in vivo, 
we inoculated 2 X 10^ SAS, SAS-Hl, and G-361 cells into the tongues 
of nude mice, and primary tumors developed in 4 weeks. The average 
body weight of the mice in the mirtazapine-treated group never was 
lower than that of the control group at any time (Supplementary 
Figure 2). To quantify the disseminated metastatic human tumoral 
cells, we designed a qRT-PCR method based on real-time amplifi- 
cation of Alu repeat sequences present within murine tissue. 
Although no visible metastatic lesions were observed in distant 
organs, the results of Alu PGR indicated that the mice inoculated 
with SAS-Hl and G-361 cells contained significantly (P < 0.05) 
more human genomic DNA in their submandibular gland, lung, 
liver, and kidney compared with the tissue injected with SAS cells 
(Figure 7a-c). Therefore, mirtazapine has antimetastatic potential 
specific to the highly metastatic cancer cells that show lower expres- 
sion of Lin-7C (Figure 4a). 
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Figure 2 | qRT-PCR analysis of Lin-7Cgene expression in hSCC cell lines. While mirtazapine affects up-regulation of the Lin-7C expression in the SAS- 
Hl cells (a), other candidate HTR2C ligands show no expected effect for Lin-7C expression in the SAS and SAS-Hl cell lines (b-f). The results are 
expressed as the means ± standard error of the mean of values from three assays. The control cells were treated by 0.05% DMSO. DMSO = dimethyl 
sulfoxide. 



Discussion 

Lin-7C, also known as VELI-3 or MALS-3, is a PDZ protein that may 
mediate protein-protein interactions and be a component of the 
mature cadherin-based junctional domain^. In hSCC cells, Lin-7C 
may act as a metastasis suppressor with a network consisting of 20 
related genes including CASK, HTR2C, and P-catenin^. Given that 
aberrant expression of the cellular adhesion molecules including P- 
catenin may contribute to metastasis and that the relative reagents 
regulating P-catenin have remained largely unknown, we wanted to 
characterize related genes and their potential chemicals that can 
restore the Lin -7C/ P-catenin protein expression. The current study 
characterized mirtazapine, an effective reagent belonging to a novel 
metastasis-suppressing antagonist of HTR2C through the Lin-7C/p- 
catenin pathway in human metastatic cancer cells. 

We initially focused on the differences in the status of Lin-7C 
expression and the related genes in a hSCC-derived cell line (SAS) 
compared with a metastatic cell line from SAS cells (SAS-Hl). As 
expected, according to our previous report on other human oral 
SCC-derived cell lines^, the current series of target molecules, i.e., 
HTR2Q Lin-7Q CASK (also known as Lin-2), and fi-catenin, had 
steady- state levels of mRNAs in the SAS cells, whereas SAS-Hl had 
significantly lower expression levels. These molecules, especially for 
p-catenin, are critical factors in human carcinogenesis^°'^\ In addi- 
tion to Lin-7C, CASK is a cellular adhesion molecule with PDZ 
domains and thus can bind to the cellular surface indicating that 
there may be a relationship between CASK and cellular metastasis/ 
invasion. The precise function of CASK in metastasis and its clinical 
relevance remain unclear. Several reports have shown that CASK 
may affect epidermal adhesion and wound healing together with 



cellular migration, indicating a potential clue^^'^^. In contrast, 
HTR2C seems to be altered in patients with oral SCC^°, but the 
critical mechanism of human tumorigenesis remains inconclusive. 

We next attempted to delineate the potential clinical use by chem- 
ical restoration of the Lin -7C/ P-catenin pathway. Although IPA did 
not identify any reagents affecting Lin-7C expression, five different 
ligands specific for HTR2C, which is an upstream molecule of Lin- 
7C, were nominated. It is noteworthy that while caffeine was thought 
to be a promising reagent for enhancing cisplatin in human osteo- 
sarcoma cells^^ and effective for treating patients with lung meta- 
stases^^, and we thought that caffeine might be a strong candidate as 
an antimetastatic reagent with Lin-7C up-regulation, we did not 
observe a significant effect of caffeine or other reagents examined 
on Lin-7C expression in our metastatic cell lines and the non-meta- 
static cells. Despite evidence for an association between caffeine and 
apoptosis induction through the AKT/mTOR/S6K, NF-kB, and 
MAPK pathways^^, the reason why the effect of caffeine depends 
on cellular types is unclear. In contrast, based on the current study, 
mirtazapine is now the primary reagent of the HTR2C agonist lead- 
ing to Lin -7C/ P-catenin pathway induction. Mirtazapine is an anti- 
depressant drug that induces antagonist activity at the 5HT2- and 
5HT3-receptors including HTR2C^^'^^. It also has been suggested that 
there is a potential anticancer effect in human cancer cells with 
mirtazapine^^. Several suggested mechanisms have been proposed 
by which mirtazapine may inhibit tumoral growth. Mirtazapine acts 
as cytotoxic agent in human osteosarcoma cells, while the ability to 
inhibit tumoral growth may require activation of the immune 
response and restoration of serotonergic system in a colon carcin- 
oma-bearing animal modeP\ However, our work indicated that 
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Figure 3 | The effect of mirtazapine on Lin-7Q CASK, and CTNNBl 
mRNA expression levels. Treatment with mirtazapine (10 |aM) is 
associated with up-regulation of the genes examined in the SAS-H 1 (b) and 
G-361 (c) cells but not in those in the SAS (a) cells. The results are 
expressed as the means ± standard error of the mean of values obtained in 
triplicate. Mir ( — ) = without mirtazapine; Mir ( + ) = with mirtazapine. 

mirtazapine may affect cellular migration/invasion but not cellular 
proliferation in hSCC cells (Figure 5). Thus, it is likely that the antic- 
ancer effect of mirtazapine differs from cell to cell. Nevertheless, it is 
reasonable to speculate that this agent may at least enhance the 
beneficial effect of cancer treatment. 

Finally, it is noteworthy that our in vitro results in hSCC cells were 
similar to those in a melanoma-derived cell line, G-361, and more 
importantly that our in vitro data also were reproduced in vivo. 
Whereas no visible metastatic lesions were observed in distant 
organs, such as the submandibular gland, lung, liver, and kidney, 
the human- specific Alu sequence was detected only in the murine 
organs injected with the untreated metastatic cancer cells examined 
(Figure 7), indicating that mirtazapine may inhibit micrometastasis. 
This agrees with the results of our previous study in which we studied 
inhibition of metastasis in Lin-7G overexpressed in hSGG cell lines^. 
Although these findings provide new insight into the antimetastatic 
concept, a limitation of the current study was the relatively small 
number of cancer cell types. Further investigation is needed to reveal 
whether mirtazapine works with other types of human cancers. The 
strength of the current study is its clinical applicability in high-risk 
patients with malignant tumors, because mirtazapine has already 
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Figure 4 | Functional analyses of Lin-7C gene in hSCC cells (SAS, SAS- 
Hl) and malignant melanoma-derived cells (G-361). (a) qRT-PCR shows 
that Lin-7C mRNA expression levels in the SAS-H land G-361 cells are 
significantly (P < 0.05, Mann- Whitney U test) lower than that in the SAS 
cells, (b) Western blot analyses of HTR2C, Lin-7C, CASK, and CTNNBl 
protein expression levels in SAS, SAS-H 1, and G-361 cells with or without 
mirtazapine. Each blot is normalized to each of the (3-actin protein levels. 
(The blots were cropped, and the full-length blots were included in the 
supplementary information). Mir ( — ) = without mirtazapine; Mir ( + ) = 
with mirtazapine. 

been used to treat patients with depression, and, therefore, future 
clinical evaluation with appropriate doses can be performed. 

In conclusion, our data supported a potential mechanism by 
which induction of the Lin-7C/p-catenin pathway in cancer cells is 
essential for eliminating the risk of metastasis, and mirtazapine is a 
strong candidate for restoration of this pathway. This discovery may 
provide a novel strategy that expands the application of mirtazapine 
in the future treatment of human cancer metastasis. 

Methods 

Antibodies and reagents. The reagents used in the current study were goat 
antihuman Lin-7C polyclonal antibody (sc- 11504, Santa Cruz Biotechnology, Santa 
Cruz, CA, USA), goat antihuman HTR2C polyclonal antibody (sc- 17797, Santa Cruz 
Biotechnology), rabbit antihuman CASK polyclonal antibody (sc- 10777, Santa Cruz 
Biotechnology), rabbit antihuman P-catenin (CTNNBl) monoclonal antibody 
(NBl 10-56924, Acris Antibodies Inc., San Diego, CA, USA), and mouse antihuman 
(3-actin monoclonal antibody (364375, Abeam, Cambridge, UK). The following 
reagents were purchased from Sigma- Aldrich Corporation (St. Louis, MO, USA): an 
agonist for HTR2C (apomorphine) and HTR2C antagonists such as mirtazapine, 
caffeine, risperidone, and quetiapine. 

Cell lines. The hSCC-derived cell line SAS and the human malignant melanoma cell 
line G-361 were purchased from RIKEN BioResource Center (Tsukuba, Ibaraki, 
Japan). Kazuhiko Okumura (Health Science University of Hokkaido, Hokkaido, 
Japan) kindly provided the highly metastatic hSCC cell line SAS-H 1 (derived from 
SAS)^^. SAS and SAS-H 1 cells were maintained in Dulbecco's modified Eagle's 
medium (DMEM) (D6046, Sigma- Aldrich) supplemented with 10% fetal bovine 
serum (FBS) and antibiotics. The G-361 cells were grown in McCoy's 5A modified 
medium (M8403, Sigma-Aldrich) supplemented with 10% FBS and antibiotics. All 
cell lines were cultured at 37°C in a humidified atmosphere in the presence of 5% 
C02-95% air. 
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Figure 5 | Comparison of cellular proliferation in the control group (without mirtazapine) and the mirtazapine-treated groups. To determine the effect 
of mirtazapine on cellular proliferation, SAS (a), SAS-Hl (b), and G-361 (c) cells are seeded in 6-well plates. Cellular proliferation was measured 
throughout 7 days of treatment. The results are expressed as the means ± the standard error of the mean of values from three assays. Mir ( — ) = without 
mirtazapine; Mir ( + ) = with mirtazapine; h = hours. 
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Figure 7 | Quantitative analysis of spontaneous metastasis using different human tumor cells. qRT Alu PGR is used to compare spontaneous metastasis 
of SAS, SAS-H 1 , and G-36 1 cells with mirtazapine treatment. The degree of metastasis is presented as the relative amount of metastasis normalized against 
murine GAPDH etrid as the actual number of human cells/tongue. While the control cells in the SAS-H 1 and G-361 cells spontaneously metastasize into 
the submandibular glands, lungs, liver, and kidney, mirtazapine-treated cells in the SAS-H 1 and G-361 cells are not seen in these organs, suggesting that 
mirtazapine inhibits micrometastasis. The asterisks indicate significant (P < 0.05, Mann- Whitney U test) differences between the control cells and 
mirtazapine-treated cells. NT = no mirtazapine treatment; N.G. = negative control without human genomic DNA. 



IP A. The target gene lists focused on Lin-7C^ were overlaid on a cellular pathway map 
in the IPA software (http://www.ingenuity.com). We also carried out IPA to identify 
the candidate chemicals that may modulate Lin-7C and/or its interacting molecules. 

mRNA expression analyses. Total RNA was isolated using Trizol Reagent 
(Invitrogen, Carlsbad, CA, USA) according to the manufacturer's instructions. 
Complementary DNA was generated from 5 |ig of total RNA by using Ready- To- Go 
You-Prime First-Strand Beads (GE Healthcare, Buckinghamshire, UK) and oligo 
(dT) primer (Hokkaido System Science, Sapporo, Japan) according to the 
manufacturers' instructions. Quantitative real-time reverse transcription- PGR (qRT- 
PGR) was performed to evaluate the mRNA expression levels of Lin-7C, HTR2C, 
CASK, and CTNNBl. The qRT-PGR analyses were carried out using primers and 
probes designed by the Universal Probe Library (Roche Diagnostics, Mannheim, 
Germany). The primer sequences used were Lin-7C, forward, 5'-TTG GAT TGG 
TAG AGA GAA AGG AG -3'; reverse, 5'-TTT TGG TTG TTT GGT TGA GGT AG - 
3'; and universal probe #77; HTR2C, forward, 5'- GGG AGT GGG TTT GTG GTG 
TA-3'; reverse, 5'- TGG GGG GTG TTA GGT GAT -3'; and universal probe #27; 
CASK, forward, 5'- TGG AAA AGT GGA AAA ATG GAA-3'; reverse, 5'- AAG GTA 
GTG GGG ATT GGT GA-3 ' ; and universal probe #2; and CTNNBl , forward, 5 ' - GAA 
TGG ATT GTG GTG GGA GT-3'; reverse 5'- GGT GAG GAT TGG GTT TAG GA-3'; 
and universal probe #17. All qRT-PGR procedures were performed using the 
LightGycler® 480 PGR system (Roche). Amplifications were initiated by a 10-minute 
pre-incubation at 95°G, followed by 45 cycles of 10 seconds at 95°G for template 
denaturation and 30 seconds at 55°G for primer annealing/extension and a cooling 



step for 30 seconds at 40°G. The transcript amounts were estimated from the 
respective standard curves and normalized to the antiglyceraldehyde- 3 -phosphate 
dehydrogenase (GAPDH) (forward, 5'-GAT GTG TGG GGG GTG TGG TGA-3'; 
reverse, 5'-GGA TGA GGT TGG GGA GAG GGT-3'; and universal probe #60) 
transcript amount determined in corresponding samples. 

Immunoblotting. The cells were washed twice with cold phosphate-buffered saline 
(PBS) and centrifuged briefly. The cell pellets then were incubated at 4°G for 30 
minutes in a lysis buffer (7 M urea, 2 M thiourea, 4% w/v GHAPS, and 10 mM Tris 
(pH 7.4) with a proteinase inhibitor cocktail (Roche). The protein concentration was 
measured using a Bio-Rad Protein Assay, (Bio-Rad Laboratories, Hercules, GA, 
USA). Protein extracts (20 |ig) were separated by sodium dodecyl sulfate 
polyacrylamide gel electrophoresis in 4-12% gel, transferred to nitrocellulose 
membranes, and blocked for 1 hour at room temperature in Blocking One (Nacalai 
Tesque, Tokyo, Japan). The membranes were incubated with primary antibodies for 4 
hours at room temperature. The membranes were washed with 0.1% Tween-20 in 
Tris-buffered saline, incubated with secondary antibody, and coupled to horseradish 
peroxidase-conjugated antirabbit, antigoat, or antimouse IgGs (Promega, Madison, 
WI, USA) for 1 hour at room temperature. The proteins were detected by SuperSignal 
Ghemiluminescent substrate (Thermo, Waltham, MA, USA). Finally, 
immunoblotting analysis results were visualized by exposing the membrane to a 
cooled GGD camera system (ATTO, Tokyo, Japan). Signal intensities were 
quantitated using the GS Analyzer software version 3.0 (ATTO). 
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Effects of HTR2C ligands on Lin-7C expression. Five HTR2C ligands, mirtazapine, 
apomorphine, caffeine, risperidone, and quetiapine, were studied. To examine the 
effect of these reagents on Lin-7C mRNA expression, we performed qRT-PCR 
analysis in SAS and SAS-Hl cells. The effective concentrations of exposure to 
reagents were chosen based on previous reports^^"^^. Cells were treated with each 
reagent and kept in a CO2 incubator for 24 hours. After treatment, the cells were 
washed twice with PBS, and total RNA was isolated for further experiments. The 
control cells were treated with dimethyl sulfoxide. Values also were normalized with 
respect to control cells. 

Proliferation assay. To evaluate the effect of mirtazapine on cellular proliferation, we 
analyzed cellular growth in SAS, SAS-Hl, and G-361 cells. The cells were seeded in 6- 
well plates at a density of 1 X lO'* viable cells/well. The experiments were carried out 
for 7 days by counting the cells every 24 hours. At the indicated time points, the cells 
were trypsinized and counted using a hemocytometer in triplicate samples. We 
compared the numbers between the cells treated with mirtazapine and control cells. 

Invasiveness assay. A total of 2.5 X 10^ cells (SAS, SAS-Hl, and G-361) were treated 
with vehicle or mirtazapine (10 )iM) for 24 hours. The cells then were resuspended in 
the serum-free medium and seeded on a polyethylene terephthalate membrane insert 
with a pore size of 3 |im in a trans-well apparatus (Becton Dickinson Labware, 
Franklin Lakes, NJ, USA). In the lower chamber, 2 ml of serum-free medium with 
vehicle or mirtazapine (10 |iM) was added as a chemoattractant. After the cells were 
incubated for 72 hours at 37°C, the insert was washed with PBS, and the cells on the 
top surface of the insert were removed with a cotton swab. Cells adhering to the lower 
surface of the membrane were stained with crystal violet/methanol, and the numbers 
of cells entering the pores in five random fields were counted using a light microscope 
at X 100 magnification. 

Migration assay. To investigate the antimigration potential of mirtazapine, the cells 
(SAS, SAS-Hl, and G-361) were seeded in a 6-well plate with 10% FBS/DMEM until a 
confluent monolayer formed. One wound was created in the middle of each well using 
a micropipette tip. After treatment with mirtazapine, we replaced the medium with a 
free-serum medium and incubated it at 37°C at 5% CO2. The results were visualized 
by measuring the wound area that was free of cells using Lenaraf 220 b software 
(Vector Japan Co, Ltd, Tokyo, Japan) (http://www.vector.co.jp/soft/dl/win95/art/ 
se312811.html). The mean value was calculated from data obtained from three 
separate chambers. 

Mirtazapine administration in vivo. To investigate the antitumor activity of 
mirtazapine, we used xenograft models in the SAS, SAS-Hl, and G-361 cell lines. The 
cells (2 X 10*^) were injected directly into the tongues of BALB/cAnNcrj-nu/nu mice 
(Charles River Japan Inc., Yokohama, Japan). The mice were assigned randomly into 
three groups: no treatment (n = 5), control (n = 5), and mirtazapine treated (n = 5). 
Mirtazapine (10 mg/kg) was suspended in a 1% aqueous solution of Tween 80 
(Sigma) and administered orally once daily for 4 weeks. The control groups received 
the vehicle through the entire experimental period. The animals were sacrificed after 4 
weeks. The care and treatment of experimental animals were performed in 
accordance with institutional guidelines. 

Quantitative detection of human tumor cell metastasis. Four weeks after 
transplantation, several organs including the tongue, submandibular gland, lung, 
liver, and kidney were dissected from the mice implanted with the tumor cells. The 
body weight was measured throughout the 4 weeks of treatment. The genomic DNA 
was extracted immediately from each of the homogenates using the Wizard SV 
Genomic purification system (Pro mega). To determine the tumor cell- derived DNA 
in each tissue, 20 ng of DNA was subjected to qRT-PCR to detect the human Alu 
sequence. To correlate the amount of the Alu PGR signal (and thereby the amount of 
human tumor cell metastasis) with the amount of amplified genomic DNA (and 
thereby the amount of murine tissue), we used the murine GAPDH gene as an internal 
control. The primers specific for the human Alu sequences were: forward, 5'- ACG 
CCT GTA ATC CCA GCA CTT -3' and reverse, 5'- TCG CCC AGG CTG GAG TGC 
A -3'. qRT-PCR was performed using the SYBR® Green qRT-PCR Master Mix Kit 
according to the manufacturer's protocol (Roche). The PGR conditions included 
polymerase activation at 95° C for 3 minutes followed by 40 cycles at 95° C for 30 
seconds, 63°C for 30 seconds, and 72°C for 30 seconds. Each assay included a negative 
control (RNase free water), a positive control (human genomic DNA), and the 
experimental samples in triplicate. A quantitative measurement of murine DNA was 
obtained through amplification of the murine GAPDH genomic DNA sequence with 
murine GAPDH primers (forward, 5'- AAC GAC CCC TTC ATT GAC -3' and 
reverse, 5'- TGC ACG ACA TAG TCA GCA C -3') using the same PGR conditions 
described for Alu. The threshold cycle (Ct) of each sample was recorded as a 
quantitative measure of the amount of PGR product in the sample using the 
LightCycler 480 PGR system. The Alu signal was normalized against the relative 
quantity of murine GAPDH and expressed as ACt = (CtAiu ~ CtcAPDH)- The changes 
in the Alu signal relative to the total amount of murine genomic DNA were expressed 
as AACt = ACttreatment ~ ACtcontroi- The relative changes in metastasis then were 
calculated as 2"^^^'. 

Statistical analysis. Statistical analyses were performed using SPSS 17.0 software 
(SPSS Inc., Chicago, IL, USA) or Microsoft Excel (Microsoft, Redmond, WA, USA). 
Single-group data were assessed using the Mann-Whitney U test. The statistical 



significance of the metastatic levels of each tissue was evaluated using one-way 
analysis of variance with the post hoc Tukey- Kramer test for multiple comparisons. 
Two-tailed P values < 0.05 were considered significant. The data are expressed as the 
mean ± standard error of the mean. 
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